
C.""

NORTH AMERICAN AVIATION, INC.

"PI•\('I mllid INFORM'(I4XATIO'() S'Y TN'I SXi iDIVISINI(

Nor1



Accession No. 20671

Copy No. 16 SID 63-32

ATTITUDE CONTROL: A BIBLIOGRAPHY

10 April 1963

Prepared b7
Technical Informtiou Center

NORTH AMERICAN AVIATION, INC.5 SPACE and INFORMATION SYSTEMS DIVISION

at

ii



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION ýYSTEMS DIVISION

ABSTRACT

This report in a survey of academic literature
on the attitude control of satellites and space
vehicles. 0ay material published in English be-
twen the years 1958 and 1962 is included.
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ITRODUCTION

The attitude of a satellite or space vehicle is the

orientation of its principal axis with regard to soe

fram of reference-in practice, the earth or a fixed

star.

Control of satellite and space vehicle attitude is

necessary for a nuaber of reasons. If data is to be

gathered from the earth, meon, sun or any other celestial

body, the instrzents for gathering such data mIst be

oriented towards theee bodies. If the data is then to

be telemetered to earth by manw of a directional

antenna, to conerve power, the antennas must be likewise

oriented in an earthward direction. Siminly, if the

power source for the vehicle is solar energy, the energ

collecting devices must be oriented tomards the sun.

outlim of Surver

I. Sources of Disturbance

A. General studies of disturbing torques.

B. Specific disturbing forces.

iv
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nI. Types of attitude control

A. Spin stabilization

B. Internal momentum exchange

C. Mass ejection

D. Environmental interaction

III. Attitude sensing

IV. Spin stabilisation

A. as only method of control

B. together with other control methods

V. Internal monentm exchange

A. Reaction wheels

1. as only method of control

2. together with other control methods

VI. Mass ejection

A. reaction jets

B. types of reaction jets

1. hot-ga

2. cold-gas

C. Reaction jets used together with other control methods

D. Other types of mass ejection

1. solid propellants

2. vector control

3. advanced propelleats
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VII. Environmental interaction

A. Use of terrestial magnetic field

1. as only control method

2. Together with other control methods

B. Use of other environmental conditions

1. Aerodynamic forces

2. Solar radiation pressure

3. Gravity gradient effect

VIII. Application to Aerospace vehicles

A. Project Mercury

B. Other Satellite vehicles

C. Proposed space vehicles

I. Simulation and human factors

A. Simulation studies

B. Role of hmun operation in attitude control
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A. General attitude control surveys

B. Satellite attitude control surveys
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L. Sources of disturbance

A. General studies of disturbing torques.
0

Sources of atitude errors are discussed in a number of

places in the literature. Do Bra (29) investigates the

stability of a gravity-oriented satellite in terms of

its orbit. Anaytical methods for studiyiz disturbing

torques are presented by Buglia and Young (113) and b7

Sklar (130). Michelson (91) discusses the coupling

effects of rotary vibration modes. The observed torques

acting on Explorer XI are investigated by Naumann (950).

B. Specific sources of disturbance

Ives (65), Mcflvain (87), and Dahl, Aldrich and Hrman

(25) discuss the disturbing effects of solar radiatica

Meteoritic disturbances are discussed by White (149);

the coupling effects of the gravity gradient are describ-

ed by Michelson (91); the interaction of the magneto-

sphere with satellite surface electricity is emmined b7

Singer (lZ7). Methods for computing the effect of

molecular impingement are presented by Sentman (126).

II. Traes of attitude catrol

Any attitude ontrol system must perform the following fumc -

tions: determine a definite freme of reference; sense as

vii
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departure from this frame of reference; correct the attitude

errors so detected. Basically, there are four types of

attitude control:

A. Spin stabilization: the entire vehicle is spun a-

bout its principal axis of greatest inertia, becam-

ing in effect its own gyroscope.

B. Internal momentum exchange: the momentum of parts

within the vehicle is used, rather than movement of

the vehicle as a whole, to stabilize attitude.

C. Mass ejection: the basic principles of rocket pro-

pulsion are applied in the form of reaction jets.

D. Environmental interaction: the very external sources

which produced disturbances are used to produce the

required corrective torques.

III. Attitude sesing

Whitford (155), Williams (156) Moore and Thomason (93) de-

scribe attitude sensing techniques. Infrared horizon scan-

ners are described by Roberson (111), Hatcher and Gehllann

(57) and Kendall and Stalcup (72). McMorrow, Brownlee,

Dadradrian and Schwartz (89) examine the use of a precision

star tracker as an attitude sensor; Salyendra and Bradford

(18) present an attitude sensing system using a pair of

star trackers together with a horizon scanner. The applica-

vS 62
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tion of radar to attitude sensing is investigated by Reich

(106). Other types of sensors which have potential use in

attitude control are solar sensors, described by Roberson(ll0).

IV. Spin Stabilization

A. As sole method of control.

Singer (128) and Reiter and Thompson (107) discuss

the spin stabilization of passive satellites. The

amount of spin required to stabilize a satellite with

attitude unstable from gravity torque is studied by

Thompson (139); a system for stabilizing the spin aids

of a spinning body under the influence of load torque

impulses is presented by Freed (42,43). Hasusserman

(54) describes the creation of torques for attitude

control by means of either translation or rotational

acceleration. The spin stabilization of synchronous

communication satellites is examined by Kovit (78)

and by Williams (156). Garber (48) obtains solutions fer

a spinning body which an arbitrary mass disbributici.

In a system described by Klass (75), the inherent gyro-

scopic properties of an earth-oriented satellite are

used to achieve a semi-passive stabilization.

if

ix
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B. Together with other control methods.

Spin stabilization by itself may not be sufficient

for attitude control. Grasshoff (52) describes the

generation of a magnetic torque to assist in the

attitude control of a spin stabilized satellite;

Grubin (53) and Garner and Reid (49) describe the

use of reaction jets to implement spin stabiliza-

tion.

V. Internal Momentum Exchange

A. Reaction Wheels

1. Az ýiole methodý* of :ontrol.

Abzug (1) and Stuart (137) describe the use of re-

action wheels (also termed inertia wheels or fly-

wheels) to stabilize satellite attitude. Design

criteria for reaction wheels are discussed by White

and Hansen (150,151); equations of motion forthe

angular displacement of an earth-oriented satellite

are derived by Ives (66). Vaeth (144) presents the

results of analog computer studies of reaction atti-

tude control. Related information is given by Groe-

lich and Patapoff (46) in their report on a labora-

tory model of a single axis attitude control system

using reaction wheels. McRuer and Staple-

x
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ford (90) determine the power and energy requirements

for a fixed axis reaction wheel system; momentum re-

servoir capacity for such a system is determined by

Mortensen (94). Cannon (16,17,18) discusses the re-

sponse relations and gyroscopic coupling of reaction

wheel systems together with other control methods.

To avoid the gyroscopic cross coupling inherent in

reaction wheels, reaction spheres have been proposed;

a system using reaction spheres for attitude control

is discussed by Orinsby and Smith (100).

2. Together with other control methods

Reaction wheels may be used in conjuction with others

attitude control techniques. Ergin, Norum and Winde-

Knecht (39), Debra and Cannon (30), Peters, Kovacevich

and Graham (103), and Alexander (4) all describe sys-

tews in which they are used together with reaction

jets. Systems in which they are used with magnetic

torquing are described by Eide (36) Burrow (14), and

Adams and Brissenden (2).

B. Gyroscopes

Gyroscopes are another form of internal momentum ex-

change device. Draper, Denhard and Trageser (34)

xi
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survey of the state-of-the-art of gyroscope develop-

ment for attitude control. Specific systems employ-

ing gyro%copes are described by Godet (51), by Kennedy

(73), and by De Lisle, Ogletree and Hildebrant (33).

VI. Mass Ejection Systems

A. Reaction jets as sole method of control.

Schmeldin (123) describes gas systems for reaction

jets are also discussed by Lee (80),by Vaeth (154),

by Garner and Reid (49), and by Gaylord and Keller

(50). Dahl, Aldrich and Herman (25) study limit

cycles in reaction jet attitude control system sub-

ject to external torques; Hultquist (64) computes

the angular impulse imparted to a jet-controlled

satellite; Lieberman (83) presents a mathematical

model of a bang-bang-reaction-jet system. The use of

self-pressurizing- propellants is discussed by Couch,

Hoffmnan, Nyberg and States (24); an approximation

technique for measuring the dissipation. time of

nitrogen gas ejected for attitude control is develop-

ed by Brenton and Cheselske (9).

xii
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Zoeckler(162) describes the Mercury capsule reaction

jet control system, which uses 90 percent hydrogen

peroxide as its propellant.

B. Types of reaction jets

1. Hot-Gas

Alexander (3), Brown (10), Pemberton (102) and Wai

Choo (147,148) describes the use of hot-gas reaction

jet systems; Traynelis and Ryan (141) discusses the

factors to be considered in choosing such systems.

2. Cold-Gas

Cold-gas reaction-jet systems are described by

Nicklas and Vivian (96); the testing of such sys-

tems is described by Day and Hastings (27). Re-

lated to these gas-jet systems is the system de-

scribed by Tinling (140), which uses water vapor.

C. Together with other control methods.

Several writers have discussed the actual or possi-

ble combination of reaction jets with reaction

wheels. Among these are Alexander (4), Gaylord (47),

De Bra and Cannon (30), Ergin, Norum and Widdeknecht

(39), and Peters, Kovacevich and Graham (103).

xiii
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D. Other mass ejection methods

(1)

Solid propellants

Sobey and Peterson (130,132) describe the Vectrol

System, in which four small individually rotatable

solid rockets are used to control the attitude of

a solid propellant vehicles. Roach and Seymour

(109) describe a gimballed spherical solid pro-

pellant vernier rocket for attitude control.

(2)

Vector Control

Vector control methods are discussed by Hubbard

(63). In this paper, special attention is given

to secondary injection, a technique in which a

fluid is introduced into the exhaust cone of a

rocket engine to shift the direction of the main

jet, deflecting its effective thrust to con-

trol vehicle attitude.

xiv
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(3)

Advanced propellants

Several methods of advanced propulsion have been pro-

posed for attitude control. Maes (85) compares the

potential effectiveness of a pulsed plasma accelerator

with arc jets and ion engines; Olds (97) compares the

weight, power, thrust and duty cycle requirements for

cesium and mercury ion propulsion systems.

VII. Environmental Interaction

A. Use of terrestial magnetic field

(1) As cnly method of control

The earth's magnetic field has been used for con-

trolling the attitude of several satellites. De

Bolt (28) describes a technique of lining up one

axis of a satellite or space vehicle with the

earth's magnetic field. Avrech (5), Mcflvain (88),

Wilson (157), and White, Shigmoto and Bourquin

(153) all describe the use of torque developed by

the interaction of this field with a magnetic field

within the vehicle. Ka[m (69) describes the use of

a specific device, the Magnatorquer; Hecht and Manger

(58) describe the magnetic attitude control of the

Tires satellite.

xv
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1. Together with other control methods

Magnetic torquing may be used in conjuction with

other attitude control methods. Buckingham (12)

and Burrow (14) both describe the use of reaction

wheels for storing the momentum produced by mag-

netic torquing.

B. Use of other environmental conditions

Other aspects of the space environment can also be

used for attitude control.

1. Aerodynkmic forces

Aerodynamic attitude stabilization-discussed by

Davison (26), by Juelich (68), by Schrello (124)

and by Harris and Johnson (56)-can be used with

passive near earth satellites.

2. Solar radiation

Hibbard (60) discusses the use of focused solar

radiation pressure for attitude control; Villers

and 0iha (146) discuss the use of a solar sail

to stabilize satellites and interplanetary probes.

3. Gravity gradient effect

The gravity gradient effect, which tends to torque

the long axis of an elongated body towards the

local vertical, can also be used for satellite

xvi
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attitude control. Kamm (70) describes a device-

the Vertistat-for so utilizing this phencnenon.

VIII. Ai,1Acation to Aerospace Vehicles

Due tq government security restrictions and corporate pro-

prietar7 interests, relatively little information on specific

attitude control systems in available in the academic litera-

ture.

A. Project Mercury

TWanbly (242,143) and Zoeckler (162) describe the

,attitude control system for the Mercury capsule.

Friona(45) describes the reliability testing of this

system; Senders and Lindquist(125) describe the atti-

tude display equipment used in the capsule.

B. Other satellite vehicles

Also mentioned in the literature is the attitude

control of the Tiros satellites. Hecht and Manger

(58) describe the magnetic torquing used; Siry and

Nalvella (129) present the computer programs used in

determining and controlling attitude for these satel-

lites. The use of reaction wheels in the Nimbus

satellites is described by Alexander (4); their use

in both the Advent and Nimbus satellites is described

in an anonymous article (105). Naumann (95) discusses

xvii
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observed disturbances affecting the attitude of the

Explorer XI Satellite. Another anonymous article

(20) describes the attitude control system for the

Centaur vehicle.

C. Proposed space vehicles

Bucheim (11) examines a spin stabilization scheme

for a proposed lunar probe; Kurshals and Adams (79)

and Olstad, Runberg, Blesser and Braun(98) describe

attitude control systems for proposed manned space

stations.

IX. Simulation and Human Factors

These two aspects of attitude control are closely related

and are usually treated together in the literature.

A. Simulation studies

Carlisle (19) describes the three-axis simulator

testing of an attitude control system using a com-

bination of reaction wheels and reaction jets. Si-

mulation studies of a system using body-mounted

sensors and a single boctr-mounted reaction jet are

summarized by Garner and Reid (49); similar studies

of the simulation of comnand reaction controls are

discussed by Hollman and Stillwell (62). Olatead,

Runberg, Blesser and Braun(98) describe an inertial

xviii
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simulator for studying the attitude control of a opin-

ing manned space station. The use of a fixed-base

three-degrees-of-frsedom simulator to study miinimu

manual control of attitude is exmined by Bauer-

schmidt (6); the use of such a simulator to study the

effects of the distribution of manents of inertia in

a space station is investigated by Besco, Bauerschuidt

andmoalain (8).

B. Role of human operator in attitude control

Ritchie and Homes (108) study the effect of attitude

control arrangement on a pilot's ability to stop the

spin of a simulated orbital vehicle. Hman factors

research on the Mercury capsule attitude control is

described by Senders and Lindquist (125).

X. A~ditimnal Sources of Information

Further information on attitude control can be found in the

general studies on this subject.

A. General attitude control surveys

The earliest of these are the surveys by Roberson

(11O,114,115) in 1960. Other general studies on the

subject of attitude control are those bv Haeussezma

(55), by De Lisle, Hildebrant and Petraic (31,32),

xix

SID 63-232



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

and by Duilvelis, Kovba and Mason (35), in 1961, and

by Stewart (233,334), Roberson (113) and Ergin, Nor=

and Windeknecht (37,38,39), in 1962.

B. Satellite attitude control surveys

Satellite attitude control is treated by Savet (120),

by Kersimer and Newton (74), by White and Pappas

(152), and by Cole, Eckutrand and O'Neil (22) in 1961.

Whitford (154) presented a brief discussion o satel-

lite attitude control in the following year. Jennings,

together with Knights (76), and with Hall (67), dis-

cusses the integration of the attitude control system

with other spacecraft control systems.

xx
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active attitude-control system indicate that the torques
caused by solar radiation pressure may be either periodic
or constant with regard to inertial space.

26. DAVISON, P. H.
PASSIVE AERODYNAMIC ATTITUDE STABILIZATION OF NEAR
EARTH SATELLITES, VOLUME II: AERODYNAMIC ANALYSIS.
Wright Air Development Division, Technical Report 61-133,
Volume II, July 1961.

An approximate but nearly exact free molecular theory is
used to calculate aerodynamic drag and stability coefficients
for several simple satellite configurations.

27. DAY, B. P. and R. HASTINGS
SOME COLD GAS AUXILIARY JET CONTROL MECHANISMS AND PRO-
PELLANTS FOR USE IN EARTH SATELLITES.
Royal Aircraft Establishment, Farrborough, England,
Report TN-G.W. 580, June 1961.

Describes testing of a cold gas jet control system using
propane and the development of small valve gear for blow
control in a bang-bang attitude control system. Results
indicate that propane is capable of supply an effective
specific impulse of about 55 seconds; the associated
control valves have an estimated dead weight of about
five pounds.
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28. DE BOLT, H. E.
MAGNETOMETER SYSTEM FOR ORIENTATION IN SPACE.
Electronics, 33:55-58, 8 April 1960.

Describes a technique of lining up one axis of the space
vehicle in the direction of the earth's magnetic field for
attitude control. An optical-electronic system, sensitive
to variations in the deviation and intensity of terrestial
magnetic fields, can detect field components from as far
out from earth as 50,000 miles.

29. DE BRA, D. B.
ATTITUDE, STABILIT: ANM MOTIONS OF PASSIVE, GRAVITY-
ORIENTED SATELLITES.
American Astronautical Society, Paper No. 62-6, presented at
the AAS 8th Annual National Meeting, Washington, D. C.,
16-18 January 1962.

Investigation of the stability of a gravity-oriented satellite
as a function of its orbit indicates that tumbling is
caused to a large extent by the exultation of motion in
the yaw-role plane by a forced motion in pitch through
second-order coupling terms neglected in linearized analysis.

30. DE BRA, D. B. and R. H. CANNON
MOMENTUM VECTOR CONSIDERATIONS IN WHEEL-JET SATELLITE
CONTROL SYSTEM DESIGNS.
American Rocket Society, Paper No. 1917-61, presented at
the ARS Guidance, Control and Navigation Conference,
Stanford, California , 7-9 August 196] . 21 pages.

Analyzes design problems and dynamic response of an
attitude control system using sets of flywheels and small
jets.

31. DE LISLE, J. E., B. M. HILDEBRANT and I. D. FETRANIC
ATTITUDE CONTROL OF SPACECRAFT.
Astronautics, 6:28,87,89, November 1961.

General survey of state of the art of spacecraft attitude
control.
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32. DE LISLE, J. E., B. 11. HILDEBRANT and T. D. FETRANIC
ATTITUDE CONTROL OF SPACE VEHICLES.
American Rocket Society, Paper No. 2114-61, presented at
the Space Flight Report to the Nation, New York, New York,
9-15 October 1961 7 pages.

Examines existing and proposed methods of attitude control.

33. DE LISLE, J. E., C. OGLETREE and B. M. HILDEBRANT
ATTITUDE CONTROL OF SATELLITES USING INTEGRATED GYROSCOPES.
American Astronautical Society, Paper No. 62-7, presented
at the AAS 8th National Meeting, Washington, D. C.,
16-18 January 1962.

Describes use of one or more integrating gyroscopes to
damp vehicle librations by dissipating heat in the viscous
restraint of each gyro.

34. DRAPER, C. S., IV. G. DENHARD and M. B. TRAGESER
DEVELOPMENT CRITERIA FOR SPACE NAVIGATION GYROSCOPES.
Navigation, 8:273-283, Winter 1961-1962.

Surveys state of the art of gyroscope development for space
navigation and attitude control.

35. DZILVELIS, A. A., J. T. KOVBA and L. W. MASON JR.
SURVEY OF ATTITUDE REFERENCE AND CONTROL SYSTEMS FOR SPACE
APPLICATIONS.
Litton Industries, Report No. TM 61-38, December 1961.

Discussion of attitude reference and control systems,
with a bibliography of 312 titles.

36. EIDE, D. G.
EXPERIMENTAL EVALUATION OF THE DECELERATION OF ALUMINUM
CYLINDERS ROTATING IN A MAGNETIC FIELD AND COMMENTS ON
MAGNETIC DAMPING ON FLYWHEEL CONTROL. APPENDIX-USE OF
MAGNETIC DAMIPING IN A FLYWHEEL CONTROL SYSTEM FOR A SATELLITE
VEHICLE.
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National Aeronautics and Space Administration, Technical
Note D-749, April 1961. 35 pages.

An opposed ball and socket air bearing support is used to
investigate the magnetic deceleration of a closed-end
cylinder rotating in a magnetic field. Results indicate
that magnetic deceleration is applicable to flywheel control
in a satellite attitude control syster.

37. ERGIN, E. I., V. D. NORUI1 and T. G. 1-,,IDEKNECHT
TECHNIQr•ES FOR ANALYSIS OF NONLINEAR ATTITUDE CONTROL
SYSTEMS FOR SPACE VEHICLES, VOLUME I. CHARACTERISTICS OF
THE SPACECRAFT ATTITUDE CONTROL PROBLEM.
Aeronautical Systems Division, Report ASD TDR 62-208,
Volume I, June 1962.

Defines and describes the problems involved in designing
space-vehicle attitude-control systems.

38. ERGIN, E. I., V. D. NORU1 and T. C. W'7NDBKNECHT
TECHNIQUES FOR ANALYSIS OF NONLINFAR ATTITUDE CONTROL
SYSTEMS FOR SPACE VEHILCES, VOLUME II: TECHNIQUES FOR
ANALYSIS AND SYNTHESIS OF NONLINEAR CONTROL SYSTEMS.
Aeronautical Systems Division, Report ASD TDR 62-208,
Volume II, June 1962.

Presents detailed treatment of techniches for analyzing
nonlinear control system.s and demonstrates applicability
of such techniques to attitude control systems.

39. ERGIN, E. I., V. D. IjORU1, and T. G. WINDEKNECHT
TECHNIQUES FOR ANALYSIS OF NONLINEAR ATTITUDE CONTROL
SYSTEMS, VOLUME III: EXAMPLES OF ANALYTICAL DESIGN OF
SPACECRAFT ATTITUDE CONTROL SYSTEMS.
Aeronautical Systems Division, Report ASD TDR 62-208,
Volume III, June 1962.
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Discusses single axis on-off gas jet system design,
active attitude-control system design for spin-stabilized
vehicles and design for an attitude control system utilizing
reaction wheels and gas jets.

40. EVANS, W. R. and J. H. JERGER
AUTOPILOT SIGNALS FREE OF BENDING MODES DESPITE STRUCTURAL
UNCERTAINTY.
American Rocket Society, Paper No. 1937-61, presented at
the ARS Guidance, Control and Navigation Conference,
Stanford, California, 7-9 August 1961. 6 pages.

Describes use of a sum of accelerometer signals for
measurinp the net force and net torque of a missile in
flight. This technique was derrived from the attitude
control problem which includes the specifications that
the mode shapes cannot be precomputed accurately due to
an uncertain stiffness pattern.

41. FLUCGE-LOTZ, I. and H. MARBACH
THE OPTIMAL CONTROL OF SOME ATTITUDE CONTROL SYSTEMS FOR
DIFFERENT PERFORMANCE CRITERIA.
In 1962 Joint Automatic Control Conference, New York,
New York, 27-29 June 1962, Proceedings, Part 12-1.
New York: American Institute of Electrical Engineers.
1962.

The maximum principle of Pontryagin is applied to pro-
blems of attitude control system optimization.

42. FREED, L. E.
ATTITUDE CONTROL SYSTEM FOR A SPINNING BODY.
ARS Journal, 32:396-401, March 1962.

The system described can stabilize the spin axis under
the influence of load torque impulses torque loads and
its performance is compared with that of a similar control
system for a nonspinning body.
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43. FREED, L. E.
ATTITUDE CONTROL SYSTEM FOR A SPINNING SATELLITE.
Institute of the Aerospace Sciences, American Rocket
Society Paper No. 61-207-1901, presented at the IAS-
ARS Joint National Meeting, Los Angeles, California,
13-16 June 1961.28 pages.

The system described can accurately stabilize the attitude
of the spin axis under the influence of load torque impulses.
Analyzes the transient response and steady state behavior
of the system under various loading conditions and compares
the spinning body control system with the nonspinning body
system.

44. FREY, E. J.
ATTITUDE CONTROL FOR AN UNMANNED INTERPLANETARY VEHICLE.
Massachusetts Institute of Technology, Instrumentation
Laboratory, District Paperf/60-682, Presented at the 1960
Great Lakes District Meeting.

An examination of the attitude control system required
for accurate, self-contained interplanetary navigation
indicates that most effective results could be obtained
by a relatively simple set of individual devices connected
by a flexible digital computer.

45. FRIONA, A. J.
RELIABILITY TESTING OF THE MERCURY CAPSULE ATTITUDE CONTROL
SYSTEM.
In Institute of the Aerospace Sciences, Aerospace Support
and Operations Meeting, Orlando, Florida, 4-6 December 1961,
Proceedings, pages 167-170. New York: The Institute.
1962.

46. FROELICH, R. W. and H. PATAPOFF
REACTION WHEEL ATTITUDE CONTROL FOR SPACE VEHICLES.
Institute of Radio Engineers, Transactions on Automatic
Control, AC-4:139-149, December 1959.

Describes a laboratory model of a single axis attitude
control system utilizing intertial wheels.
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47. GAYLORD, R. S.
DIFFERENTIATING GAS JET FOR SPACE ATTITUDE CONTROL.
ARS Journal, 31:75-76, January 1961.

A differential gas jet-which can be used either alone or
in conjunction with reaction wheel controls-
is proposed to reduce limit cycle velocities below those
ordinarily measurable by the control system.

48. GARBER, T. B.
THE PRECISION OF SPINNING BODIES DUE TO GRAVITATIONAL
GRADIENT TORQUE.
Rand Corporation, Report No. RM-3191-PR, June 1962.

Obtains solutions for a spinning body with an arbitrary
mass distribution and under various orbital and body-
attitude initial conditions.

49. GARNER, H. D. and J.J.E. REID,JR.
SIMULATOR STUDIES OF SIMPLE ATTITUDE CONTROL FOR SPIN-STABILIZED
VEHICLES.
National Aeronautics and Space Administration, Technical
Note D-1395, September 1962.

The system described used body-mounted attitude-error
sensors and a single body-mounted reaction-control jet-
Results of simulation studies indicate the effectiveness
of the system over a wide range of operating conditions.

50. GAYLORD, R. S. and W. N. KELLER
ATTITUDE CONTROL SYSTEM USING LOGICALLY CONTROLLED PULSES.
American Rocket Society, Paper No. 1921-61, presented at
the ARS Cuidance, Control and Navigation Conference,
Stanford, California , 7-9 August 1961 . 12 pages.

Describes a new type of pulsed-jet attitude control which
utilizes a pulse torquing according to error limits,
together with nonlinear damping of motion by means of phase-
plane quadrant information.
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51. GODET, S.
SELF-STABILIZING GYRO CONTROL SYSTE1M FOR SPACE VEHICLES.
American Society of Mechanical Engineers, Paper No. 60-AV-51,
presented at the American Society of Mechanical Engineers
Meeting, 5-9 June 1960.

A control system uncorporating three single-degree-of-
freedom gyros is used for attitude control. The flywheels
used have fixed speed but movable spin axis.

52. GRASSHOFF, L. H.
A METHOD FOR CONTROLLING THE ATTITUDE OF A SPIN-STABILIZED
SATELLITE.
ARS Journal, 31:646-649, May 1961.

The current in a coil placed around on the satellite with
its magnetic axis paralled to the spin axis is switched
to generate torques averaging zero about one transverse
axis but having a net value about the other transverse
axis.

53. GRUBIN, C.
A GENERALIZED TWO-IMPULSE SCHEME FOR REORIENTING A SPIN-
STABILIZED VEHICLE.
American Rocket Society, Paper No. 1922-61, presented at the
Ars Guidance, Control and Navigation Conference, Stanford,
California , 7-9 August 1961. 13 pages.

Analyzes the dynamics of a generalized two-impulse scheme
for attitude control of a symmetric, spin-stabilized vehicle.

54. HAEUSSEPJ4ANN, W.
CCIPARISON OF SCKE ACTUATION METHODS FOR ATTITUDE CONTROL OF
SPACE VEHICLES.
Aerospace Enpineering, 19:64-65, May 1960.

Describes how torques for attitude control can be created
according to a translational acceleration method or
according to a rotational acceleration method.
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55. HAEUSSERMANN, W.
RECENT ADVANCES IN ATTITUDE CONTROL OF SPACE VEHICLES.
ARS Journal, 32:188-195, February 1962.

Surveys the state of the art of attitude controls for
satellites and space vehicles as of late 1961. There are
100 references cited in the text.

56. HARRIS, C. J. and R. H. JOHNSON
AN EXPERIMENTAL EVALUATION OF SEVERAL ATTITUDE CONTROL
CONCEPTS.
In Seventh Symposium on Ballistic Missile and Space
Te-chnolopy, United States Air Force Academy, 13-16 August
1962, Transactions, Volume 1, pages 169-209.

Several attitude control concepts have been considered
for providing hypersonic re-entry vehicles with maneuvering
capabilities. The attitude control concepts experimentally
evaluated here involve the application of movable structures-
fins, flaps, and rods--located on the surface of axisym-
metric ballistic-type re-entry vehicles models. Prior
to considering these models with control surfaces, experimental
studies were conducted to determine the static stability
characteristics of and shock layer properties about the
bodies without controls. Similar studies were then con-
ducted on these bodies with controls present. Also
evaluated was a magnetohydrodynamic concept for generating
attitude control forces.

57. HATCHER, N. 1K. and E. F. GERMANN, JR.
STUDY OF A PROPOSED INFARED HORIZON SCANNER FOR USE IN
SPACE-ORIENTATION CONTROL SYSTEMS. APPENDIX-RADIATION
TRANSFER AND SYSTE24 SENSITIVITY.
National Aeronautics and Space Administration, Technical
Note, D-1005, January 1962. 32 pages. 11 references.

The device described here detects the thermal radiation
discontinuity at opposite horizons to produce an attitude
error signal. This s7stem is designed to be applicable
to the Earth, Moon, Mars or Venus.
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58. HECHT, E. and W. P. MANGER
MAGNETIC ATTITUDE CONTROL OF THE TIROS SATELLITE.
American Astronautical Society, Paper No. 62-44, presented
at the AAS /Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.:
16-17 March 1962.

An investigation of the motions of the Tiros Satellite
indicates that its spin axis was moving at a rapid rate
due to a satellite dipole interaction with the earth's
magnetic field. Attitude control methods are preserted
to correct this condition.

59. HENDERSON, V. N.
POWER SUPPLY SYSTEMS FOR SPACE TRAINERS.
Aeroneutronic, Aeranechanics Technical Communicatio,
May 1962.

60. HIBBARD, R. R.
ATTITUDE STABILIZATION USING FOCUSED RADIATION PRESSURE.
ARS Journal, 31:844-843, June 1961.

61. HILTON, W. F. and B. STEWART
THE ADVANTAGES OF ATTITUDE STABILIZATION AND STATION
KEEPING IN COMMUNICATIONS SATELLITE ORBITS.
British Institute of Radio Engineers Journal, 22:193-202,
September 1961.

The use of attitude stabilization to minimize use of
transmitting power. A satellite mass, for which the
radiation flux at a specified distance is the same whether
or not the satellite is stabilized, is shown to exist for
a given antenna gain. Analysis of the dependence of this
mass on antenna gain and satellite lifetime indicates the
existence of an optimum vehicle size for which stabilization
is most effective.

62. HOLLEMAN, E. C. and W. H. STILLWELL
SIMUIATOR INVESTIGATION OF COMMAND REACTION CONTROLS.
NACA, RM H58D22, July 1958, 12 pages.
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63. HUBBARD, E.
ROCKET THRUST CONTROL.
Enpineering and Science Review, 5:14, January 1962.

Describes methods of thrust vector control, specific
attention being given to secondary fluid injection.

64. HULTQUIST, P. F.
GRAVITATIONAL TORQUE IMPULSE ON A STABILIZED SATELLITE.
ARS Journal, 31:1506-1509, November 1961.

Computes angular impulse in pitch and roll imparted to a
stabilized, jet-controlled, solar-oriented satellite
which has one axis normal to the elliptic and a transverse
axis along the solar vector and which is in either a
circular or an elliptical orbit.

65. IVES, N. E.
THE EFFECT OF SOLAR RADIATION PRESSURE ON THE ATTITUDE
CONTROL OF AN ARTIFICIAL EARTH SATELLITE.
Royal Aeronautical Establishment, Report No. TN G.W.570,
April 1961. 46 pages.

If a satellite, assumed to have the shape of a rectangular
prism and perfectly reflecting surfaces, has its center of
mass identical with the center of symmetry of the external
shell, an analysis of the torque produced about that the
radiation-pressure about its center of mass is zero.

66. IVES, N. E.
PRINCIPLES OF ATTITUDE CONTROL OF ARTIFICIAL SATELLITES.
Ministry of Aviation, Aero-Nautical Research Council,
London, England, R & M 3276, Novemiber 1959.

Derives equations of motion fo:. small angular displace-
ments from the equilibrium position of a satellite oriented
towards earth; reaction-flywhel damping is used.
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67. JENNINGS, A. and G. M. HALL
STUDY OF INTEGRATED CRYOGENIC FUELED POWER GENERATING
AND ENVIRON•ENTAL CONTROL SYSTEMS, VOLUME V: INTEGRATION
AND CONTROL STUDIES.
Aeronautical Systems Division, Report No. ASD TR 61-327,
Volume V, November 1961.

Discusses possible degrees of integration of the power
generation, environmental control, cabin atmosphere
control, attitude control and propellant storage systems
in a space vehicle.

68. JUELICH, 0. C.
PASSIVE AERODYNAMIC ATTITUDE STABILIZATION OF NEAR EARTH
SATELLITES, VOLUME III: MATHEMATICAL TECHNIQUES AND
COMPUTER PROGRAMMING.
Wright Air Development Division, Technical Report No.
61-133, Volume III, July 1961.

Describes a computer program for the numerical integration
of the pitch equation of an aerodynamically stabilized
satellite.

69. KAMM, L. J.
MAGNETORQUER - A SATELLITE ORIENTATION DEVICE.
ARS Journal, 31:813-15, June 1961.

This device generates a torque by the action of the
terrestial magnetic field on electric current in the
satellite.

70. KAMM, L. J.
"VERTJý3TAT": AN IMPROVED SATELLITE ORIENTATION DEVICE.

ARS Journal, 32:911-913, June 1962.

The device described in this paper consists in a wire or
tube at least 100 ft. long which extends from the satellite
and provides a considerable movement of inertia about
a transverse axis. The resultant erecting torque is of
the magnitude of 500 dyne - cm. per degree. Two shorter
secondary tubes provide passive damping.
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71. KELLER, G. R.
FLIGHT CONTROL OF AEROSPACE VEHICLES.
Journal of the Aerospace Sciences, 29:233-234, February 1962.

The performance of a Schuler-tuned inertial guidance system
near the surface of the earth is studied. Results indicate
that position amplitude error-due either to random ac-
celeration of random platform - drift - rate errors-
is in direct proportion to the square root of the power
spectral density of the error output at zero frequency.

72. KENDALL, P. E. and R. E. STALCUP
ATTITUDE REFERENCE DEVICES FOR SPACE VEHICLE.
Institute of Radio Engineers, Proceedings, 48:765-770,
April 1960.

Describes an attitude sensing device using two narrow in-
frared scanning beams to aid in establishing a vertical
reference line from a space vehicle in orbit to the planet
about which it is orbiting.

73. KENNEDY, H. B.
A GYRO MOMENTUM EXCHANGE DEVICE FOR SPACE VEHICLE ATTITUDE
CONTROL.
Institute of the Aerospace Sciences, Paper No. 62-88, pre-
sented at the Institute of the Aerospace Sciences National
Summer Meeting, Los Angeles, California, 19-22 June 1962.
54 pages.

Describes a gyro control device for use in attitude control
systems requiring momentum exchange devices, employing only
two gyro wheels and two gimbals to control the three com-
ponents of vehicular rate.

74. KERSHNER, R. B. and R. R. NEWTON
ATTITUDE CONTROL OF ARTIFICIAL SATELLITES.
In Liller, W., editor, Space Astrophysics, pages 205-227.
New York: McGraw-Hill. 1961.
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75. KLASS, P. J.
NEW GYRO TECHNIQUE ORIENTS SATELLITE.
Aviation Week and Space Technology, 76:68-73, 12 February
1962.

Describes a semi-passive stabilization technique which
uses the inherent gyroscopic properties of a satellite to
keep the satellite oriented towards earth.

76. KNIGHTS, A. and A. JENNINGS
STUDY OF INTEGRATED CRYOGENIC FUELED POWER GENERATING AND
ENVIRONMENTAL CONTROL SYSTEMS, VOLUME IV: ENVIRONMENTAL
CONTROL AND ATTITUDE CONTROL STUDIES.
Aeronautical Systems Division, PRport ASD TR 61-327,
Volume IV, November 1961.

An investigation of methods for integrating environmental
control and attitude control functions with space vehicle
auxiliary power systems indicates that an intermediate
coolant is necessary between the heat sources and the
cryogenic heat sinks.

77. KOOP, R. E. and R. J. WHITE
A CONTROL SCHEME FOR ATTITUDE CONTROL OF LARGE FLEXIBLE
BOOSTERS.
Society of Automotive Engineers, Preprint No. 429 C,
presented at the SAE National Aeronautical and Space
Engineering and Manufacturing Meeting, Los Angeles,
California, 9-13 October 1961. 7 pages.

78. KOVIT, B.
REMOTE SPIN AND ATTITUDE CONTROL FOR SYNCOM.
Space/Aeronautics, 37:77-79, February 1962.

Describes orbital characteristics, together with antenna
pattern and gain, of a stationary communications repeater
using ground-controlled spin stabilization and attitude
control.
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79. KURZHALS, P. R. and J. J. ADAMS
DYNAMICS AND STABILIZATION OF THE ROTATING SPACE STATION.
Astronautics, 7:25-29, September 1962.

To minimize wobbling motion in a rotating space station
the attitude errors and wobbling motion resulting from
applied disturbances must be determined and defined.
In addition, damping and attitude control systems capable
of minimizing undesirable motion while maintaining re-
quired orientation must be devised and tested.

80. LEE, E. B.
DISCUSSION OF SATELLITE ATTITUDE CONTROLS.
ARS Journal, 32:981-982, June 1962.

Reaction jets are used to achieve attitude control in two
steps:
1) bringing angular velocity to zero by reaction jets,
2) using smaller jets or momentum changes to maintain

attitude.

81. LELIAKOV, I. P. and T. A. SAVO
COMMUNICATION SATELLITE ATTITUDE CONTROL. (TITLE
UNCLASSIFIED). CONFIDENTIAL.
In Seventh Symposium on Ballistic Missile and Space
Technology, U. S. Air Force Academy, 13-16 August 1962,
Transactions, Volume 4, pages 231-291.

82. LEVINE, S. E.
SUMMARY OF COMMUNICATION SATELLITE SYSTEMS. (TITLE
UNCLASSIFIED). SECRET.
Aerospace Corporation, Document No. AS-62-OOOO-01794,
9 March 1962.

83. LIEBERMAN, S. I.
A BANG-BANG ATTITUDE CONTROL SYSTEM FOR SPACE VEHICLES.
Aerospace Engineering, 21:54-55,64,65,68, October 1962.
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A mathematical model of a bang-bang reaction jet attitude
control system is derived on the basis of conditional
switching techniques. A comparison of the actual and
theoretical performance of the system indicates that a
desired attitude change can be obtained in a minimum
amount of time.

84. MACKAY, J. S.
APPROXIMATE SOLUTION FOR ROCKET FLIGHT WITH LINEAR
TANGENT THRUST CONTROL.
ARS Journal, 30:1091-1093, November 1960.

An approximate solution to the equations of motion,
involving linear-tangent thrust attitude control, is
evaluated by comparing it with accurate numerical inte-
gration; results of this evaluation indicate that it not
only possesses sufficient accuracy for preliminary cal-
culation for boost vehilces but is four times more rapid
than equally accurate numerical integration techniques.

85. MAES, M. E.
PARALLEL RAILS PROPOSED FOR ATTITUDE CONTROL.
Missiles and Rockets, 10:34-36, February 1962.

Describes pulsed plasma accelerator and compares its
effectiveness for attitude control systems with that of arc
jets and ion engines.

86. MARGULIES, G. and G. S. GOODMAN
DYNAMICAL EQUATIONS FOR THE ATTITUDE MATRIX OF AN ORBITING
SATELLITE.
ARS Journal, 32:1414, September 1962.

A system of dynamic equations for the components of a time--
varying rotation matrix deriving the attitude motion of an
orbiting satellite is derived in tem= s o the principal
moments of inertia of the satellite and the body components
of its external torque field.
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87. MC ILVAIN, R. J.
EFFECTS OF SOLAR RADIATION PRESSURE UPON SATELLITE ATTITUDE
CONTROL.
American Rocket Society, Paper No. 1918-61, presented at
the ARS Guidance, Control and Navigation Conference,
Stanford, California: 7-9 August 1961. 26 pages.

An examination of the effect of solar radiation developed
torques on both spin-stabilized and actively earth-oriented
satellites indicates that solar pressure may cause either
periodic torques or torques constant with respect to inertial
space. The type of torque produced depends on a number of
elements.
1) orbital inclination to the ecliptic plane,
2) orientation requirements,
3) vehicle configuration

88. MC ILVAIN, R. J.
SATELLITE ANGULAR MOMENTUM REMOVAL UTILIZING THE EARTH'S
MAGNETIC FIELD.
American Astronautical Society, Paper No. 62-53, presented
at the AAS/ Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.,
15-16 March 1962.

Developes general constraints for removing the stored
angular momentum. Controlled interactions of body-fixed
magnetic current loops with the eartlis magnetic field are
used to achieve this. The concept is applied to the design
of an earth tracking satellite on a 300 nautical mile
arcular orbit.

89. MC MORROW, D. R., C. A. BROWNLEE, S. DADRADRIAN and H. SCHWARTZ
A PRECISION STAR-TRACKER FOR SPACE VEHICLE ATTITUDE
CONTROL AND NAVIGATIRN.
American Rocket Society, Paper No. 1930-61, presented at
the ARS Guidance, Control and Navigation Conference,
Stanford, California , 7-9 August 1961 .14 pages.
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Describes in detail the components of a star-tracker
which can locate and locks on a star anywhere within a 30
degree cone-of-view, and can measure the angle between
the line to the star and a reference plane with degree of
"error less than 10 seconds of arc.

90. MC RUER, D. T. and R. L. STAPLEFORD
POWER AND ENERGY REQUIRENTS FOR A FIXED-AXIS INERTIA

WHEEL ATTITUDE CONTROL SYSTEM.
ARS Journal, 31:665-668, May 1961.

Developes approximate transfer functions for a single-axis
attitude control system using a fixed axis inertia wheel,
and uses these functions to derive expressions for the
power required to drive the wheel and the energy expended
by the driver.

91. MICHELSON, I.
COUPLING EFFECTS OF GRAVITY-GRADIENT SATELLITE MOTIONS.
ARS Journal, 32:1735, November 1962.

Conmmunications satellite in circular orbits for long
periods exhibit dynamic characteristics that are controllable
in attitude; this note discusses an unexpected coupling of
rotary vibration modes.

92. MOAK, H.
THRUST-VECTOR-CONTROL SCHEMS FOR SOLID-PROPELLANT ROCKETS.
Astronautics, 7:28-29,62, March 1962.

Describes the following methods of steering a large solid-
propellant vehicle:
1) single-axis hinged nozzle,
2) secondary injection,
3) omni-axis hinged nozzle,
4) plug nozzle,
5) jet vanes,
6) jetavators,
7) rotating nozzle,
8) ancillary motions,
9) mechanical wedge.
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93. MOORE, R. L. and H. E. THOMASON
GIMBAL GEOMETRY AND ATTITUDE SENSING OF THE ST-124
STABILIZED PLATFORM.
National Aeronautics and Space Administration, Technical
Note D-1118, May 1962.

Describes study to obtain attitude signals from a four-
gimbal platform. A mimimum number of resolvers were re-
quired to furnish roll, yaw and pitch attitude signals
within an accuracy of six minutes of arc.

94. MORTENSEN, R. E.
DESIGN CONSIDERATIONS OF INERTIA WHEEL SYSTEMS FOR ATTITUDE
CONTROL OF SATELLITE VEHICLES.
Instrument Society of America, Transactions, 1:101-110,
January 1962.

This paper analyzes the problem of determining the momentum
resorvoir capacity required for attitude control, together
with a suitable control scheme for this application.

95. NAUMANN, R. J.
AN INVESTIGATION OF THE OBSERVED TORQUES ACTING ON EXPLORER
XI.
American Astronautical Society, Paper No. 62-46, presented
at the AAS / Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.
16-17 March 1962.

Discusses orientation analysis methods based on observed
radio strength patterns, together with various mechanisms
causing external torques.

96. NICKIAS, J. C. and H. C. VIVIAN
DERIVED-RATE INCREMENT UTILIZATION: ITS APPLICATION TO THE
ATTITUDE CONTROL PROBLEM.
American Society of Mechanical Engineers, Transactions,
Series D, (Journal of Basic Engineering), 84:54-60, March
1962.
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A gyro-free nonlinear system with derived-rate feedback
is proposed for spacecraft attitude control; the system
uses cold-gas on-of actuations and has a dead zone and
hysteresis to mimimize noise effects.

97. OLDS, R. H.
ATTITUDE CONTROL AND STATION KEEPING OF A COIVMUNICATION
SATELLITE IN A 24-HOUR ORBIT.
American Rocket Society, Paper No. 2372-62, presented at
the ARS Electric Propulsion Conference, Berkeley, California,
14-16 March 1962 . 32 pages. 21 references.

Weight, power, thrust and duty-cycle requirements are com-
pared for cesium and mercury ion propulsion systems proposed
for attitude control of a solar-powered communications
satellite over a two-year lifetime.

98. OLSTAD, M. D., R. G. RUNBERG, W. ELESSER and L. BRAUN JR.
A SPINNINC MAINNED SPACE STATION SYNTHESIS AND NECHANIZATION
OF THE ATTITUDE CONTROL SYSTE1.
American Rocket Society, Paper No. 1923-61, presented at
the APS Cuidance, Control and Navigation Conference,
Stanford, California, August 7-9, 1961. -1 pages.

Describes an inertial simulator for studying attitude con-
trol for a spinninr manned space station.

99. ONE-HALF-OZ LIQUID PROPELLANT ROCKET FOR ORBIT CORRECTION.
Aviation Week and Space Technology, 76:59, 1 January 1962.

Describes Microrocket--a liquid propellant rocket pro-
ducing from one hundredth to one-tenth of a pound of
thrust to meet performance and weight requirements be-
tween plasma jets and cold Fas Jets--being developed by
Aero~et.
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100. ORINSHY, R. D. and M. C. SMITH
CAPABILITIES AND LIMITATIONS OF REACTION SPHERES FOR ATTITUDE
CONTROL.
ARS Journal, 31:808-812, June 1961.

Discusses characteristics of an electrically suspended
reaction sphere as an attitude control device for space
vehicles.

101. PATAPOFF, H.
APPLICATION OF THE RATE DIAGRAM TECHNIQUE TO THE ANALYSIS
OF SPACE VEHICLE ON-OFF ATTITUDE CONTROL SYSTEMS.
American Rocket Society, Paper No. 1924-61, presert ed at
the ARS Guidance, Control and Navigation Conference,
Stanford, California , 7-9 August 1961. 16 pages.

Describes use of a plot of angular rate of control torque
removal versus the rate of torque application to analyze the
performance of space vehicle control systems.

0

102. I'4BERTON, J. D.
HIGH TEMPERATURE PNEUMATIC SYSTEMS CONTROL MISSILE ATTITUDE.
Automatic Control, 15:22-27, August 1961.

Describes various types of hot-gas control systems,
open-center, closed-center, on-off and proportional together
with combinations of the sensors and control systems.

103. PETERS , R. A., R. A. KOVACEVICH and D. GRAHAM
SINGLE-AXIS ATTITUDE REGULATION OF EXTRA-ATMOSPHERIC
VEHICLES. APPENDIX A- THE USE OF TIME DELAY TO REPRESENT
SYSTEM LAGS IN PHASE PLANE ANALYSIS OF SWITCHING CONTROL
SYSTEMS. APPENDIX B- DEVELOPMENT OF TRAJECTORY EQUATIONS
FOR SECOND ORDER CONTROLLED ELEMENTS.
Aeronautical Systems Division, Technical Report No.
61-129, February 1962. 247 pages.
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The linear control of a space vehilce, in which the automatic
control systems use inertial wheels and/or mass ejection,
is analyzed upon the basis of simplified three-degree-of
freedom rational equations of motion.

104. PETERSON, P. W. and L. 0. STIMPSON
WEIGHT AND ORBIRAL LIFETDIE ESTIMATES FOR SPACE TRAINERS.
Ford Motor Company, Aeroneutronics Division, Aeroneutronic,
Technical Note, MS-07A, December 1961.

105. REACTION WHEELS FOR ADVENT AND NIMBUS ATTITUDE.
Space/Aeronautics, 38:159, 1961, November 1962.

Describes the development of reaction wheels which will
enable an active satellite to maintain or change its
attitude on command.

106. REICH, A.
ATTITUDE DETERMINATION-A NEW DIMENSION FOR RADAR.
Institute of Radio Engineers, 1962 National Winter
Convention of Military Electronics, Los Angeles, California,
7-9 February 1962, Conference Proceedings, page 105-107.
New York: The Institute: 1962.

Describes method for determining space vehicle attitude
from measurements made with ground equipment. Attitude
determination will be obtained by suitable coding of the
radiation lobes transmitted from the vehicle and will re-
quire only electronic equipment aboard the vehicle itself.

107. REITER, G. S. and W. T. THCMPSON
ROTATIONAL MOTION OF PASSIVE SPACE VEHICLES.
American Astronautical Association, Paper No. 62-42,
presented at theMAAS/Goddard Memorial Symposium on Torques
and Attitude Sensing in Satellites, Washington, D. C.,
16-17 March 1962.
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Discusses the following two methods for attitude
stabilization of passive spinning satellites by internally-
produced forces alone:
1) removal of precessional motion from stable satellites

by using dampers,
2) delaying tumbling in unstable satellites by minimizing

internal dampling.

108. RITCHIE, M. L. and L. F. HANES
MANUAL ATTITUDE CONTROL IN SPACE--ARRANGEMENT OF CONTROLS.
American Society of Mechanical Engineers, Paper 60-SA-34,
presented at the American Society of Mechanical Engineers
Summer Annual Meeting, Dallas, Texas, 5-9 June 1960.
7 pages.

Describes experimentation to determine the effect of the
arrangement of controls to stop the spin of a simulated
orbital vehicle. Results indicate that grouping of
the controls-for operation by one hand, one hand and two
feet, or two hands and two feet-made no practical
difference in performance.

109. ROACH, J. E. and R. J. SEEMOUR
SPHERICAL ROCKETS FOR SPACE VEHICLE ATTITUDE AND VELOCITY
CONTROL.
American Rocket Society, Paper No. 2241-61, presented at
the Space Flight Report to the Nation, New York, New York:
9-15 October 1961.

The TboDda1 TE -345 solid propellant rocket motor described
is a gumballed spherical vernier motor possessing both
impulse and thrust vector control.

110. ROBERSON, R. E.
ATTITUDE CONTROL OF SATELLITES AND SPACE VEHICLES.
In Ordway, F. I., III, Advances in Space Science, Volume
II, pages 351-436. New York: Academic Press. 1960.

An excellent sunmary, as of mid-1960, of the state-of-
the-art of attitude sensing and control.
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111. ROBERSON, R. E.
ATTITUDE REFERENCE AS ESTABLISHED BY A HORIZON SCANNER.
Journal of the Astronautical Sciences, 9:86-88, Fall 1962.

A horizon scanner and certain requirements on the forward
direction define an attitude reference frame developed by
Air Force-sponsored, research. The motion of this reference
frame introduces inertial reaction torque disturbances into
the system, but there is no systematic sensor error
relative to the frame itself.

312. ROBERSON, R. E.
GRAVITY GRADIENT DETERMINATION OF THE VERTICAL.
ARS Jourqal, 31:1509-1515, November 1961.

Detailed formulation and mechanization possibilities of
the analytical principles of differential accelerometer
gravity gradient sensors.

113. ROBERSON, R. E.
THE IDENTITY OF TWO DESCRIPTIONS OF ATTITUDE MOTIONS.
Journal of the Astronautical Sciences, 9:106-107, Winter
1962.

Describes two fundamental equations for the attitude
motions of a satellite or space vehicle. These equations
differ in their choice of base points. The first does
not have a fixed base point, being the composite center
of mass of the collection of rigid bodies within the vehicle,
the second does have a fixed base point.

1.4. ROBERSON, R. E.
METHODS FOR THE CONTROL OF SATELLITES AND SPACE VEHICLES.
II. CONTROL SYSTEM 1ECHANIZATION AND ANALYSIS.
Wright Air Development Division, Technical Report No.
60-643, Volume II, 31 July 1960, 295 pages. 194 references.
AD 250 270
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A general survey of space vehicle attitude control systems,
including a review of the literature.

115. ROBERSON, R. E.
ON CUIDANCE AND CONTROL REQUIREMETS IN ASTRONAUTICS.
Franklin Institute Journal, 269:196-220, March 1960.

Included discussion of attitude control problers.

116. ROCKETS STEERED BY SECONDARY INJECTION.
SAE Journal, 70:82-83, February 1962.

Describes thrust vector methods in current use, including
a new method, secondary injection.

117. SALMIRS, S., S. L. KESSLER and 0. J. PARKER
A SIMPLE SOLAR ORIENTATION CONTROL SYSTEM FOR SPACE
VEHICLES.
National Aeronautics and Space Administration,
Technical Note D-1271, September 1962.

The response of the system to various initial errors was
measured on a single-degree-of-freedom air-bearing plat-
form and phase-plane diagrams of system performance
presented. An investigation of applying control torques
and artificial damping indicate that a simple system is
obtainable by using reaction jets.

118. SATYNDRA, K. N. and R. E. BRADFORD
SELF-CONTAINED NAVIGATIONAL SYSTEM FOR DETERMINATION
OF ORBITAL ELEMENTS OF A SATELLITE.
ARS Journal, 31:949-956, July 1961.

Satellite attitude is sensed by means of a prime reference
and is used to develope a theory for determining the six
orbital elements of a satellite. The prime reference is
itself established by taking direct measurements of the
local geocentric vertical over a period of time with a
horizon tracker and combining this data with tlat obtained
from a pair of star trackers.
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119. SAVET, P. H.
ATTITUDE CONTROL OF ORBITING SATELLITES AT HIGH ECCENTRICITY.
ARS Journal, 32:1577-1582, October 1962.

120. SAVET, P. H.
ATTITUDE CONTROL OF ORBITING SATELLITES AT HIGH ECCENTRICITY.
ARS, Paper No. 1919-61, presented at the ARS Guidance,
Control and Navigation Conference, Stanford, California,
7-9 August 1961. 16 pages.

Current satellite attitude control methods are discussed and
space vehicle equations of motion are reviewed.

121. SAVET, P. H.
SATELLITE ATTITUDE - DETECTION AND CONTROL.
ARMA Engineering, 3:4-9, November 1960.

Gradient accelerometer techniques are discussed from the
viewpoint of their possible application to attitude
control in artificial satellites.

122. SAVO, T. A. and I. P. LELIAKOV
CHARACTERISTICS OF THE ADVENT ATTITUDE CONTROL SYSTEM.
(TITLE UNCLASSIFIED). CONFIDENTIAL.
Aerospace Corporation, Report No. 1951-158, December 1961.

123. SCHMIDLIN, A. E.
GAS SYSTEM DEVELOPMENTS.
Hydraulics and Pneumatics, 14:72-73, December 1961.

Gas systems for space vehicle attitude controls are
discussed.

124. SCHRELLO, D. M.
PASSIVE AERODYNAMIC ATTITUDE STABILIZATION OF PASSIVE
EARTH SATELLITES. I- LIBRATIONS DUE TO COMBINED AERO-
DYNAMIC AND GRAVITATIONAL TORQUES. APPENDIX A-GRAVITATIONAL
TORQUES ON A RIGID BODY. APPENDIX B-EXPANSION OF COEFFICIENTS
IN EQUATIONS OF ANGULAR MOTION. APPENDIX C-EFFECTS OF

AERODYNAMIC DRAG AND DAMPING ON THE MOTION OF NEAR EARTH
SATELLITES.
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Wright Air Development Division, Technical Report No. 61-
133, Volume 1, July 1961, 159 pages, 37 references.

Investigates general equations governing angular motion
for a rigid satellite where both gravitational and aero-
dynamic torques are inclided and where thv re is a
spherically symmetric but rotating atmosphere.

125. SENDERS, J. W. and 0. H. LINDQUIST
EARLY DEVE1LPMENT OF A VEHICLE ATTITUDE DISPLAY AND
CONTROL.
American Rocket Society, Paper No. 1400-60, presented
at the ARS 15th Annual Meeting, Washington, D. C. , 5-8
December 1960.

Description of human factors research conducted by
Minneapolis-Honeywell on Project Mercury.

126. SENTMAN, L. H.
COMPARISON OF THE EXACT AND APPROXIMATE METHODS FOR PRE-
DICTING FREE MOLECULE AERODYNAMIC COEFFICIENTS.
ARS Journal, 31:1576-1579, November 1961.

Discusses exact and approximate methods for computing
forces and movements of rear-earth satellites caused
by molecular impingnent, including effect on attitude
control.

127. SINGER, S. F.
FORCES AND TORQUES DUE TO COULOMB INTERACTION WITH THE
MAGNETOSPHERE.
American Astronautical Society, Paper No. 62-50, presented
at the AAS/Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.,
16-17 March 1962.
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Studies interaction of electric charge on a body in space
with the inionized gas of the magnetosphere, which pro-
duces and electric drag force and affects passive and
active attitude control.

128. SINGER, S. F.
A MIMIMUM ORBITAL INSTRUMENTED SATELLITE - NOW.
British Interplanetary Society Journal, 13:74-79, March
1954.

Discusses spin stabilization as a means of attitude
control of small, unmanned satellites.

129. SIRY, J. W. and J. V. NALVELIA
ATTITUDE DETERMINATION FOR THE TIROS SATELLITES.
In Association for Computing Machinery, 16th National
Meeting, Los Angeles, California, 5-8 September 1961,
Preprints, Paper No. 13C-2. 4 pages.

Describes IBM 7090 computer programs connected with
attitude systems of satellites.

130. SKLAR, S. J.
PERTURBATION ANALYSIS FOR ORBITAL ATTITUDE CONTROL.
Space/Aeronautics, 38:83-93, November 1962.

Applies an analysis of satellite dynamics, as affected
by disturbing torques, to satellite attitude-control
system design. Developes a procedure for evaluating the
principal disturbing torques, deriving the necessary
orbital equations in a form that can be programned on a digital
computer. Disturbing torques are evaluated by determining
the angular displacements produced on a satellite and then
studying the perturbing effects of the various accelerations
in terms of the satellite orbit.

131. SOBEY, A. F. and W. C. PATERSON
VECTROL SYSTEM CONTROLS ATTITUDE.
SAE Journal, 70:85, February 1962.
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132. SOBEY, A. J. and W. C. PATERSON
ATTITUDE CONTROL SYSTEMS FOR SOLID PROPELLANT VEHICLES.
Society of Automative Engineers, Preprint No. 429A, pre-
sented at the SAE National Aeronautical and Space
Engineering and Manufacturing Meeting, Los Angeles,
California, 9-13 October 1961. 6 pages.

Describes theoretical performance of the Vectrol
attitude control system.

133. STEWART, I. B.
SATELLITE ATTITUDE CONTROL. I.
Control, 5:84-89, April 1962.

Surveys space-vehicle attitude control problems and the
techniques used in solving these problems.

1.34. STEWART, B.
SATELLITE ATTITUDE CONTROL. II.
Control, 5:145-148, May 1962.

Discusses satellite stabilization dynamics, giving equations
for passive stabilization and methods of damping.

135. STIILWELL, W. H. and H. N. DRAKE
SIMULATOR STUDIES OF JET REACTION CONTROLS FOR USE AT
HIGH ATTITUDE.
NACA, RM H58Gl8A, September 1958. 40 pages.

Investigates use of pilot-controlled Jet reaction forces
for vehicle control in regions of extremely low dynamic
pressure-effects of various control configurations, control
magnitudes, control techniques, dynamic pressure, and aero-
dynamic stability. Results of analog computer and mechanical
simulator tests indicate that control techniques are some-
what different from those used with aerodynamic controls
at flight speeds and that constant attention to the control
tasks is required.
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136. STIMPSON, L. D.
ATTITUDE CONTROL REQUIREMNTS FOR SPACE TRAINERS.
Ford Motor Company, Aeroneutronics Division, Aeromechanics,
Technical Coamunication, March 1962.

137. STUART, W. H.
SATELLITE ATTITUDE STABILIZATION BY MEANS OF FLYWHEELS.
Aerospace Engineering, 20:10--1, 64-72, September 1961.

138. THOMASON, H. E.
SATURN VEHICLE ATTITUDE RESOLVER COMPUTER ERROR ANALYSIS.
National Aeronautics and Space Administration, Technical
Note D-1119, September 1962.

Describes an investigation of maximum root sum square
attitude error from the ST-124 inertial platform used for
the Saturn C-i vehicle.

1.39. THOMSON, W. T.
SPIN STABILIZATION OF ATTITUDE AGAINST GRAVITY TORQUE.
Journal of the Astronautical Sciences, 9:31-33, Spring
1962.

Discusses amount of spin required to stabilize a satellite
when its attitude has become unstable due to gravity torque.

140. TINLING, B. E.
MEASURED STEADY-STATE PERFORMANCE OF WATER VAPOR JETS
FOR USE IN SPACE VEHICLE ATTITUDE CONTROL SYSTEMS.
National Aeronautics and Space Administration, Technical
Note D-1302, May 1962, 20 pages.

Several nozsles, with thrusts up to 1000 dynes, were
measured for steady-state performance in a vacuum. The
variation of specific impulse and thrust coefficient with
expansion ratio can be predicted by calculations based
on one-dimensional isentropic flow, and is dependent
upon the nozzle diameter.
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141. TPAYNELIS, K. A. and D. L. RYAN
HOT GAS CONTROL SYSTEMS. III-USING REACTION TO CONTROL
VEHICLE ATTITUDE.
Control Engineering, 8:109-114, July 1961.

Discusses factors involved in choosing a control method
and propellant for reactive control systems in vehicles
operating beyond the limits of aerodynamic control sur-
face effectiveness.

142. 1WOMIBLY, J. W.
THE 1.MRCURY CAPSULE ATTITUDE CONTROL SYSTEM.
In Institute of the Aerospace Sciences, National Meeting
on Manned Space Flipht, St. Louis, Missouri, 30 April,
2 May 1962, Proceedings, pages 228-231. New York:
The Institute. 1962.

Describes the integrated manual and autos tic systems
for controlling the attitude of the capsule.

143. IWOMBLY, J. W.
THE IMRCURY CAPSULE ATTITUDE CONTROL SYSTEM.
lFavigation, 9:237-244, Auturn 1962.

144. VAETH, J. E.
FLYWHEEL CONTROL OF SPACE VEHICLES.
Institute of Radio Engineers, International Convention
Record, Volume 9, Part 4, pages 91-103, 1960.

Presents the results of a three-axis analog computer
study of the flywheel auto-pilots for space vehicle attitude
control.

145. VAETH, J. E.
VAPOR JET CONTROL OF SPACE VEHICLES.
Institute of Radio Engineers, Transactions on Automatic
Control, AC-7:67-74, October 1962.
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The reaction-Jet attitude-control technique described
allows an extremely low thrust magnitude to be achieved
by releasing small amounts of fuel at a time to vaporize
in the vacuum surrounding the satellite or space vehicle.

146. VILLERS, P. and W. OLHA
A SOLAR SAIL ATTITUDE STAFTLIZES FOR SATELLITES AND INTER-
PLANETARY PROBES. APPEnDIX I-RESTOR!NG TORQUE ON SELF
STABILIZING SECTION. APPENDIX II-OSCILLATION DAMPING
WITH THE SELF STABILIZED STABILIZER.
American Rocket Society, Paper No. 2251-61, presented at
the Space Flirht Report to the Nation, New York, New
York, 9-15 October 1961. 7 pages.

147. WAI CHAO, 1-1.
HOT-GAS SYSTEIIS CONTROL ATTITUDE IN1 EXTPBEI ENVIRONhZNTS.
Space/Aeronautics, 35:65-66,69 March 1961.

148. WAI CHAO, W.
JET REACTION SYSTEIS FOR ATTITUDE CONTROL.
Hydraulics and Pneumatics, 14:70-71, December 1961.

Discusses use of biopropellant, monopropellant and solid-
propellant energy sources for attitude control jet reaction
systems in space vehicles.

149. WHITE, J. B.
NETEORIC EFFECTS ON ATTITUDE CONTROL OF SPACE VEHICLES.
ARS Journal, 32:75-78, January 1962.

Applies to the 24-hour communication satellite general
methods developed for determining meteoric disturbance
to the various types of space vehicle configurations.

150. WHITE, J. S. and W. N. HANSEN
STUDY OF A SATELLITE ATTITUDE CONTROL SYSTEM USING INTEGRATING
GTROS AS TORQUE SOURCES.

NASA, TN D-1073, September 1961. 37 pages.

38

SID 63-232



NORTH AMERICAN AVIATION, INC. SPACEand INFORMATION SYSTEMS DIVISION

Derives come general design criteria and applie. then to
a specific example. Compares the results of the analytical
design with those of an analog computer and with experimental
results from a low-friction platform. Results indicate that
the steady-state and transient behavior of the system using
single-degree-of-freedom integrating gyos was reasonably
good. Grros have a major advantage in use for torque forces
in that the gyros also act to stabilize the vehicle directly,
even in the absence of an external reference. Thus, when
the target is occulted, no alternate reference is needed.

151. WHITE, J. S. and Q. M. 7NSEN
STUDY OF SYSTEMS USING INERTIA WHEELS FOR PRECISE ATTITUDE
CONTROL. APPENDIX A-VELOCITY AND TORQUE INPUTS. APPENDIX B-
ANALYSIS OF AN INTEGRATING-GYRO SYSTE(. APPENDIX C-CCMPLETE
MOTOR AND WHEEL BLOCKS DIAGRAM.
National Aeronautics and Space Administration, Technical
Note D-691, April 1961. 72 pages.

152. WHITE, J. S. and J. S. PAPPAS
GENERAL CONSIDERATIONS FOR SATELLITE ATTITUDE CONTROL
SYSTE(S.
Institute of the Aerospace Sciences, Paper No. 61-19,
presented at the IAS 29th Annual Meeting, Now York, Now York.
23-25 January 1961. 22 pages.

The role of constant gain and differentiating torquers in
satellite attitude control is discussed.

153. WHITE, J. S., F. H. SHIGNiOTO and K. BOURQUIN
SATELLITE ATTITUDE CONTROL UTILIZING THE EARTH'S MAGNETIC
FIELD. APPENDIX-DERIVING OF THE EARTH'S MAGNETIC FIELD AS
A FUNCTION OF SATELLITE COORDINATES.
NASA, TN D-1068, August 1961. 38 pages.
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Uses the torque developed by the interaction of current-
carrying coils with the earth's magnetic field as a means
of attitude control. The degree to which vehicle attiutde
can be thus maintained depends on the fluctuations of the
magnetic field at the satellite as the satellite orbits
about the earth. Due to the nature of the torque developed
only two vehidle axes can be continuously controlled
simultaneously.

154. WHITFORD, R. K.
ATTITUDE CONTROL OF EARTH SATELLITES. I-SOURCES OF
TORQUE.
Control Engineering, 9:93-97, February 1962.

The following means of attitude control are described:
1) spin stabilization,
2) use of natural sources of torque,
3) stored momentum,
4) expulsion of mass.
In addition, a technique combining stored momentum and
expulsion of mass is examined.

155. WHITFORD, R. K.
ATTITUDE CONTROL OF EARTH SATELLITES. II-SENSING AND
MODES OF CONTROL.
Control Enpineerirn, 9:97-101, April 1962.

Discusses the following methods for sensing attitudet
1) fixed field of view scanning in a cone,
2) use of an edge tracker to locate and track the horizon

in a fixed plane,
3) use of a passive scanner employing a wide field of

view imaged on a detector array.

-156. WILLIAMS, D. D.
TORQUES AND ATTITUDE SENSING IN SPIN-STABILIZED SYN-
CHRONOUS SATELLITES.
American Astronautical Society, Paper No. 62-43, presented
at the AAS/Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.,
March 16-17, 1962.
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A compression of spin stabilization with three-axis
attitude control indicates that the former is most practical
at the present stage of booster development.

157. WILSON, R. H.
EXPLORTATION OF MAGNETIC TORQUES ON SATELLITES.
American Astronautical Society, Paper No. 62-51, presented
at the AAS/Goddard Memorial Symposium on Torques and
Attitude Sensing in Satellites, Washington, D. C.,
16-17 March 1962.

Reviews history of research on effects of magnetic torques
on rotating conductors and discusses the use of such
torques for satellite attitude control.

158. WINDEKNECHT, T. G.
A SIMPLE SYSTEM FOR SUN ORIENTATION OF A SPINNING SATELLITE.
Institute of the Aerospace Sciences-American Rocket
Society Paper No. 61-204-1898, presented at the IAS-ARS
Joint National Meeting, Los Angeles, California 13 June
1962 . 26 pages.

159. WOLFE, R. R., J. M. CORGAN and P. B. TEETS
ENERGY REQUIREMENTS FOR SATELLITE STABILIZATION OF THE
GRAVITATIONAL GRADIENT.
American Rocket Society Journal, 31:836-838, June 1961.

Satellite orientation about a gravitationally unstable
reference is examined, and equations of motion are linearized
and integrated, to determine energy requirements for an
attitude control system.

160. WOPRSER, E. M. and M. H. ARCH
INFRARED NAVIGATION SENSORS FOR SPACE VEHILLES.
American Rocket Society, Paper No. 1928-61,presented at the
ARS Guidance, Control and Navigation Conference, Stanford,
California. 7-9 August 1961. 7 pages.
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161. ZOJAC, E. E.
CAPTUPE PROBL•4 IN GRAVITATIONAL ATTITUDE CONTROL OF
SATELLITES.
American Pocket Society, 31:1464-1466, October 1961.

If the satellite is initially oriented in a way that
satisfies the first two conditions of a set of orientation
conditions, it will be captured by the gravitational

gi•ildnm subsequent motion will occur in the neighborhood
of the desired orientations.

162. ZOECKLER, D. J.
M4ERCURY CAPSULE REACTION CONTROL PROPULSION SYSTE".
Missiles and Space, October 1962, pages 22-24,56,58.

Describes a jet reaction attitude control which has 90%
hydrogen peroxide as its propellant.
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IN=

ADVENT SATELLITES-

ALTITUDE CONTROL 105

AERODUANIC ALTITUDE STABILIZATION 26,56,68,124

ARC JETS-
ALTITUDE CONTROL APPLICATIONS 85

ATKOSPHIRE-
DISTURBING TORQiES 126

ALTITUDE CONTROL-
INTEGRATION WITH CONTROL S7STEKS 67,76

ALTITUDE CONTROL (GNERAL)-
SuRVE s 31,32,35,37,38,39,,55,

no,10 ,114,115,133,
134

ATITUDE CMtWToL (SATELZL )-
SURVEYS 22,74,12D,152,154

ATTITUDE SENSING 57,72,93,106,111,112,
118,155,156

CENTAUR VENICIB-
ATTITUDE CONTROL 2D

COUPLING EFFECTS-
GRAVITY GRADIENT EFFECT 91

DISTURBING TOIU•ES-
ANALYTICAL STUDIES 113,130

DISTURBING TORQUES-
NAMETOSIPI 127

DISTURBING TORQUES-
NETIORITES 149

DISTURBING TORQUES-
SOIAR RADIATION PRESSURE 25,65,87
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EXmlRER Ix SATILLITE-
ATTITUDE CONTROL 95

EXPLORER XI SATELLITE-
DISTURBING TORQUES 95

GRAVITY GRADIET EFFECT-
ATTITUDE CONTROL APPLICATIONS 70

GRAVITY GRADIET EFFECT-

COUPLING EFFECTS 91

GYROSCOPES 33,34,51,73

GYROSCOPIC COUPLING-
REACTION WHEELS 16,17,18

HORIZON SCANNERS 57,72,121,118

HUM FACTORS IN ATTITUDE CONTROL 108,125

ION ENGINES-
ATTITUDE CONTROL APPLICATIMS 85,97

LUNAR PROBES-
ATTITUDE CONTROL 11

MAGNETIC TORQUING-
ATTITUDE CONTROL APPLICATIONS 5,28,58,69,99,153,157

MAGNETIC TORQUING-
USE WITH REACTION WHEELS 12,14

MAGNTOISPHERE-
DISTURBING TORQUES 127

MERCURY CAPSULE-
ATTITUDE CONTROL 45,125,142,143,162

ME RITS-
DISTURBING TORQUES 149

NIMBUS SATEITES-
ATTITUDE CONTROL 4,105
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PULSED PLAMA ACCELERATORS-
ATTITUDE CONTROL APPLICATIONS 85

RADAR-
ATTITUDE SEINSG APPLICATIONS 106

REACTION JETS 3,9,10,24,25,27,49,50,
64,80,83,102,123,14O0,
145,147,148,162

REACTION JETS-
USE WITH REACTION WHEELS 4,30,39,47,103

REACTION JETS-
COLD--AS 27,96

REACTION JETS-

H)T-GAS 3,10,102,141,147,148

REACTION SPHERES 100 -

REACTION WHEELS 1,66,137

REACTION WHEELS-
DESIGN CRITERIA 150,151

REACTION WHEEMS-
MCNERT RESERVOIR CAPACITT 94

REACTION WHEELS-
POWER AND ENERY REQUIRENTS 90

REACTION WHEELS-
RESPONSE RELATIONS 16,17,18

]REACTION WHLI-
SIMULATION 46,144

REACTION WHEELl-
USE WITH MAGNETIC TORQUING 2,14,36

REACTION WHEELS-
USE WITH REACTION JE'tS 4,30,39,103
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ROTARY VIBRATIOL MODES-
COUPLING EFFECTS 91

SATEIIITTS, GRAVIT-
ORIUM 29

SECONIDARY INJECTION 63

SIMMLATION OF ATTITUDE CONTROL SYSTOW 6,8,49,62,98

SOLAR RADIATION PRESSURE-
ATTITUDE CONTROL APPLICATIONS 60,146

SOLAR RADIATION PRESSURE-
ATTITUDE SENSING APPLICATIONS 3.12

SOLAR RADIATION PRESSURE-
DISTURBING TORIUES 25,63,87

SOLID PROPELIANT ROCKETS-
ATTITUDE CONTROL APPLICATIONS 109,230,232

SPACE STATIONS-
ATTITUDE CONTROL 79,98

SPIN STABILIZATION 42,43,,4854,75,78,107,
328,39,1356

SPIN STABILIZATION-
USE WlI MAGNETIC TORIQU 32

SPIN STkABILIZATION-
USE WITH REACTION WHEL5 49533

STAR TRACKERS 89,.1.

TIROS SATELLITES-
ATTITUDE CONTROL 38,129

VECTOR C(NTROL 63

VERTROL 70
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